Dysregulation of microRNAs (miRNAs) is acknowledged in human cutaneous squamous cell carcinoma (cSCC). We hereby evaluated the ability of miRNA-216b (miR-216b) to impact human cSCC. cSCC tissues with corresponding adjacent normal tissues were collected from 40 patients diagnosed with cSCC where the expression pattern of miR-216b and targeting protein for Xenopus kinesin-like protein 2 (TPX2) was determined by quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) and western blot analysis. A431 cells were transfected with miR-216b mimic, miR-216b inhibitor, or short interfering RNA against TPX2 to evaluate cell proliferation, invasion, migration, and apoptosis using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, scratch test, Transwell assay, and flow cytometry. TPX2 was highly expressed in cSCC tissues while miR-216b was poorly expressed in association with tumor differentiation, lymph node metastasis, and tumor node metastasis staging in patients with cSCC. In response to overexpressed miR-216b or silenced TPX2, cSCC cell proliferation, invasion, and migration were suppressed and apoptosis was stimulated, along with activated p53 signaling. Thus, upregulated miR-216b was capable of promoting apoptosis and inhibiting proliferation, invasion, and migration of cSCC cells by downregulating TPX2 through activation of the p53 signaling, highlighting a novel biomarker for novel treatment modalities against cSCC.
INTRODUCTION
Cutaneous squamous cell carcinoma (cSCC) is an epidermal keratinocyte originating from skin tumors. 1 Statistics have indicated that males are more susceptible to cSCC than their female counterparts, with a substantially underestimated disease burden due to diverse primaries over time. 2 Epidemiological studies have illustrated the association of several physical and chemical factors with cSCC incidence, such as chronic sun exposure, ionizing radiation and arsenic, psoralens, and coal tar products. 3, 4 The conventional therapeutic modalities for most patients with sporadic cSCC are surgical intervention and/or radiotherapy; however, in the long term, prognosis for those with metastatic disease remains dismal, with a 1-year survival rate of 44%-56%. 5 Numerous studies have demonstrated that microRNAs (miRNAs) play various roles in cancer development, invasion, diagnosis, prog-nosis, and treatment. 6, 7 miR-216b is located at the chromosome 2p16.1 and acts as a tumor suppressor in multiple types of cancers. 8 The targeting protein for Xenopus kinesin-like protein 2 (TPX2) is a cell-cycle-related human protein and related to cell cycle. 9 Tumor cell growth may be inhibited by blocking TPX2 expression, which highlights TPX2 as a potential target for antitumor treatment. 10 The upregulation of TPX2 has been elucidated in different forms of malignant tumors; 9, 11 however, few studies have explored its expression profile and functional relevance in cSCC. TPX2-p53 regulatory circuit mediates cell proliferation and invasion in bladder cancer. 12 The p53 signaling is able to trigger cell-cycle exit, rectify DNA damage, and induce apoptosis. 13 Loss of p53 function is a common finding in cancers, whether by mutations in p53 itself or through perturbations in signaling. 14 However, unlike in other solid tumors, p53 mutations are early and prevalent in cSCC. 15 A study by Allegra et al. has reported that miR-216b is negatively regulated in blood cancers. 16 Moreover, it has been suggested that miR-216b can upregulate p53 expression. 17 Given the aforementioned studies, we hypothesized the involvement of miR-216b in cSCC, which may implicate the regulation of TPX2 and the p53 signaling.
RESULTS

TPX2 Protein Is Upregulated in cSCC Tissues
Immunohistochemistry results showed that TPX2 was primarily localized in the nucleus as brownish yellow particles ( Figure 1A) . The positive expression level of TPX2 in cSCC tissues was 82.50%, which was higher than that in adjacent normal tissues (7.50%) (p < 0.05, Figure 1B) . These findings demonstrated an elevated TPX2 expression in cSCC tissues.
miR-216b Is Expressed at Low Levels in cSCC Tissues
In comparison to the adjacent normal tissues, miR-216b was downregulated in cSCC tissues. The p53 signaling-related factors, p53, p21, and MDM2, cell proliferation marker proliferating cell nuclear antigen (PCNA), and apoptosis-related protein B cell lymphoma-2 (bcl-2)/bcl-2 associated protein X (bax) levels were examined by conducting quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) and western blot analysis. The results indicated that the mRNA ( Figure 2A ) and protein levels (Figures 2B and 2C) of TPX2, MDM2, and PCNA were elevated in cSCC tissues compared to adjacent normal tissues, whereas miR-216b, p53, and p21 levels decreased and bcl-2/bax level was elevated (both p < 0.05). Conjointly, miR-216b was poorly expressed in cSCC tissues.
miR-216b Is Negatively Correlated with the Tumor Malignancy in Patients with cSCC
The correlation between the miR-216b expression and clinicopathological features of patients with cSCC was analyzed ( Table 1) . Expression of miR-216b was not related to patient age, gender, or tumor size but significantly downregulated in patients with lower degrees of differentiation, lymph node metastasis (LNM), and stage III + IV, indicating that miR-216b expression was closely associated with and the degree of differentiation, LNM, and tumor, node, and metastasis (TNM) staging in patients with cSCC.
TPX2 Is a Direct Target Gene of miR-216b
The prediction results available from microRNA.org revealed that miR-216b could bind to the TPX2 3 0 untranslated region (3 0 UTR). Dual luciferase reporter gene assay was performed for verification and the results showed that miR-216b mimic exerted no significant effect on luciferase activity in the TPX2 mutant (TPX2-Mut)/miR-216b mimic group but significantly inhibited luciferase activity in the TPX2-wild-type (TPX2-WT)/miR-216b mimic group (p < 0.05), indicating the ability of miR-216b to target TPX2 ( Figure 3A ). To further explore the underlying regulatory mechanism, we overexpressed miR-216b by miR-216b mimic and silenced using miR-216b inhibitor in A431 cells, followed by TPX2 expression quantification using western blot analysis (Figures 3B and 3C). It was found that TPX2 expression was significantly diminished in the presence of miR-216b mimic but elevated in response to miR-216b inhibitor. Altogether, the aforementioned findings demonstrated that miR-216b targeted and negatively regulated TPX2.
miR-216b Participates in Regulation of cSCC Proliferation-and Apoptosis-Related Genes through Targeting TPX2
Subsequently, qRT-PCR and western blot analysis were conducted to determine the expression pattern of p53 signaling-related factors (p53, p21, and MDM2), cell proliferation marker PCNA, and apoptosisrelated protein bcl-2/bax levels. Results showed that the blank and negative control (NC) groups did not reveal a significant difference (p > 0.05). However, compared to the NC group, the miR-216b mimic group presented with increased expression levels of miR-216b, p53, and p21 along with decreased levels of TPX2, MDM2, PCNA, and bcl-2/bax (p < 0.05). The opposite changing tendency was observed in the miR-216b inhibitor group while the silenced (si)-TPX2 (si-TPX2) group showed an identical trend to the miR-216b mimic group (p < 0.05), except for insignificant changes in miR-216b expression (p > 0.05). In comparison to the miR-216b inhibitor group, the miR-216b inhibitor + si-TPX2 group displayed higher levels of p53 and p21, as well as lower levels of TPX2, MDM2, PCNA, and bcl-2/ bax (p < 0.05) ( Figures 4A-4F ). To conclude, miR-216b was proved to inhibit cell proliferation and stimulate cell apoptosis by downregulating TPX2 via the p53 signaling. Figure 5A ) showed that, compared to the blank group, no significant differences were witnessed in the NC group (p > 0.05). It was observed that cell viability, migration, and invasion were markedly suppressed in the miR-216b mimic and si-TPX2 groups (p < 0.05) but enhanced in the miR-216b inhibitor group (p < 0.05). More significant results were detected in the miR-216b inhibitor + si-TPX2 group compared to the miR-216b inhibitor group (p < 0.05). The results elucidated that overexpressed miR-216b exerted inhibitory effects on cSCC cell viability, migration, and invasion by downregulating TPX2.
Overexpressed miR-216b and Silenced TPX2 Inhibit Cell-Cycle Entry and Promote Apoptosis in cSCC Cells
Lastly, flow cytometry was performed for investigating the effects of miR-216b and TPX2 on cell-cycle distribution and apoptosis. Results ( Figure 6 ) showed no notable differences in cell-cycle distribution and apoptosis between the blank and NC groups (p > 0.05). However, the miR-216b mimic and si-TPX2 groups showed a prolonged G0/G1 phase (more cells), a shortened S phase (fewer cells), and stimulated cell apoptosis, yet opposite results were observed in the miR-216b inhibitor group (p < 0.05). In comparison to the miR-216b inhibitor group, the miR-216b inhibitor + si-TPX2 group showed more significant results (p < 0.05). Collectively, upregulated miR-216b affected cSCC cell-cycle distribution and stimulated cell apoptosis through target inhibition of TPX2.
DISCUSSION
cSCC is the second most common skin cancer with increasing incidence, and many cases metastasize to regional lymph nodes or distant organs. 18 In this study, we found that miR-216b activated the p53 signaling by inhibiting TPX2, thereby promoting apoptosis and inhibiting the proliferation, invasion, and migration of cSCC cells.
Our findings demonstrated that miR-216b and p53 expressions were decreased, while TPX2 expression was elevated in cSCC tissues. In addition, a correlation was witnessed between the miR-216b level and differentiation, LNM, and TNM staging. Numerous studies have identified the functionality of miR-216b as a tumor suppressor in solid tumors. 16, 19 Besides, miR-216b expression profile is downregulated in hepatocellular carcinoma (HCC) tissues and is negatively associated with tumor size, portal metastasis, and prognosis after liver resection. 20 However, in approximately 50% of HCC patients, the mutations and the loss of the p53 gene are evident, and p53 has been proposed to serve as a cellular gatekeeper for cell development, division, and apoptosis. 21 Recent studies have demonstrated that cancer-related MDM2 short isoforms play an important role in mutant p53 degradation, which leads to the stabilization and accumulation of mutant p53 in several tumors. 22, 23 The p53-MDM2 interaction forms the underlying foundation of p53 dynamics, and several transcription-related factors can regulate p53 activity. 24 This study indicated that miR-216b could negatively target TPX2 and stimulate activation of the p53 signaling. The tumor suppressor p53, essentially a transcription factor, serves critically in preventing cells from various cellular stresses, which includes DNA damage and oncogene activation. 25 When DNA damage occurs, p53 protein is activated to arrest chromosome replication at a metabolic check point, which facilitates DNA repair. 26 Deficiencies in the p53 pathway activation are fundamentally associated with cell malignancy and tumor development. 27 According to Pascreau et al., 28 the novel synthesis of TPX2 is essential for p53 synthesis during oocyte maturation. Kim et al. 17 have showed that miR-216b can intensify senescent-related b-galactosidase staining and enhance p53 and p21 expression and reactive oxygen species production. Furthermore, the negative role of miR-216b in the modulation of p53 is consistent with the aforementioned evidence and the target relationship detected.
Further, overexpression of miR-216b and silencing of TPX2 could facilitate cell apoptosis and consequently inhibit cell proliferation, invasion, and migration. Overexpressed miR-216b may induce decreased growth and clonogenicity and enhance apoptosis in breast cancer cells. 19 Moreover, miR-216b could inhibit poly-ADP-ribose polymerase-1 (PARP1) expression, thus suppressing the DNA repair process, which, in turn, promotes cell apoptosis. 29 TPX2 fundamentally functions as a central mediator in vertebrate cells. 12 TPX2 expression is tightly regulated during all stages of the cell cycle, becomes detectable at the G1-S transit, and disappears upon completion of cytokinesis. 30 In addition, the reactivation of p53 can induce significant apoptosis and allow the eradication of tumor cells in vivo. 31 Datta et al. 32 have found that the replication initiation factor Cdc7 kinase, whose overexpression can contribute to S-phase arrest, is augmented by a gain-of-function mutant p53 in cells. Consistently, our findings showed that, compared to the cells transfected with an miR-216b inhibitor, cells co-transfected with miR-216b inhibitor + siRNA against TPX2 exhibited reduced proliferation, invasion, and migration, amplified apoptosis, and a high proportion of cells progressing from G1 to S phase.
In conclusion, miR-216b regulates the p53 signaling by inhibiting TPX2 leading to impeded cSCC progression, thereby providing a promising therapeutic target for cSCC. Future studies expanding the therapeutic potential of this newly identified target will have important clinical implications.
MATERIALS AND METHODS
Ethical Statements
This study was conducted with approval of the Institutional Review Board of Peking Union Medical College Hospital and in accordance with the declaration of Helsinki. Written informed consent was obtained from each participant. The data were expressed as mean ± standard deviation and analyzed by chi-square test. 
C B A
Subjects
From common form of metastasis, indicates the symptom when tumor arises from infiltrated tumor cells centering on the lymph gland in the confluence area where the detached infiltrated tumor cells are carried along with lymph after passing through walls of lymphatic vessels.
Immunohistochemistry
Formalin (10%)-fixed, paraffin-embedded specimens (4-mm sections) were placed at 60 C for 20 min. Sections were dewaxed (by sequential soaking) in xylene and hydrated in anhydrous alcohol I for 2 min, anhydrous alcohol II for 2 min, 90% alcohol-water mixtures for 2 min, and 3% H 2 O 2 for 15 min, respectively. The electricity was turned off upon reaching the boiling point. The sections were removed 5 min later and allowed to rest for 5 min. The procedure was repeated. The sections were removed after 5 min. Subsequently, the sections were treated with normal serum blocking solution and allowed to stand at 37 C for 30 min. Then, mouse anti-human antibody to TPX2 (1:1,000, ab32795, Abcam, Cambridge, MA, USA) was added as primary antibody and mouse anti-human antibody to immunoglobulin G (1:500, ab200699, Abcam) was added as isotype control. The sections were incubated overnight at 4 C and maintained at 37 C for 1 h. Sections were treated with the secondary goat anti-mouse polyclonal antibody (0.5 mg/mL, 1:500, ab2891, Abcam) and incubated for 30 min at 37 C. Horseradish peroxidase-labeled streptomycin was added. The sections were stained using diaminobenzidine, washed under running water, and counterstained using hematoxylin for 1 min. Next, sections were dehydrated, cleared, sealed with neutral gum, and observed under a microscope. 
Dual-Luciferase Reporter Gene Assay
Synthetic TPX2 3 0 UTR gene fragment was incorporated into a pMIRreporter plasmid (Huayueyang Biotechnology, Beijing, China). The complementary sequence mutation sites were designed based on the TPX2-WT sequence. Using restriction endonuclease digestions and ligations with the T4 DNA ligase, the target fragments were inserted into the pMIR-reporter plasmid, which were later co-transfected into HEK293T cells (Beinuo Biotechnology, Shanghai, China) using the miR-216b mimic. Luciferase activity was detected using a luciferase assay kit (K801-200, BioVision, Mountain View, CA, USA).
Cell Grouping
The cSCC cell line A431 was selected for the following experimental groups: the blank group (cells without transfection), the NC group (cells transfected with miR-216b NC plasmid), the miR-216b mimic group (cells transfected with miR-216b mimic), the miR-216b inhibitor group (cells transfected with miR-216b inhibitor), the si- TPX2 group (cells transfected with si-TPX2), and the miR-216b inhibitor + si-TPX2 group (cells transfected with miR-216b inhibitor + si-TPX2).
qRT-PCR
Total RNA was extracted from the experimental specimens using Trizol (Invitrogen, Carlsbad, CA, USA). RNA was reverse-transcribed into cDNA. PCR amplification was performed using a SYBR Premix Ex Taq II kit (Takara Biotechnology, Dalian, Liaoning, China) in an ABI 7500 PCR instrument. U6 was regarded as the internal reference for miR-216b while glyceraldehyde-3-phosphate dehydrogenase (GAPDH) served as loading control for other genes, and all primers ( Table 2 ) were designed and synthesized by Wuhan BioJust Biological Engineering (Wuhan, Hubei, China). The 2 -DDCt method was adopted for calculating the gene expression.
Western Blot Analysis
Total protein was isolated using the Radioimmunoprecipitation Assay Kit (R0010, Beijing Solabio Life Sciences, Beijing, China). Sodium dodecyl sulfate-polyacrylamide gel electrophoresis kit was used to prepare 10% separation gel and 5% concentrating gel samples. After electrophoresis, the protein was transferred onto a nitrocellulose membrane. The membrane was incubated with the following primary antibodies overnight at 4 C: rabbit polyclonal antibody to TPX2 (ab71816, 1:100, Abcam), p53 (ab32049, 1:1,000, Abcam), p21 (ab47300, 1:500, Abcam), MDM2 (ab38618, 1:1,000, Abcam), bax (ab53154, 1:500, Abcam), bcl-2 (ab59348, 1:1,000, Abcam), and PCNA (ab152112, 1:500, Abcam). The membrane was rinsed three times using Tris-buffered saline containing Tween 20 on the following day. The secondary rabbit polyclonal antibody (ab7312, Abcam) was added and incubated for 1 h. Developer (D-90G, Shanghai Yingdian Detection Equipment, Shanghai, China) was added, and images were acquired using the Bio-Rad gel imaging system (Beijing Thmoregan Biological Technology, Beijing, China). IPP7.0 software (Media Cybernetics, Bethesda, MD, USA) was adopted for quantitative analysis.
MTT Assay
Six groups of cSCC cells were prepared into a single cell suspension, which was stained using trypan blue with estimation of the living cells. Cells were inoculated in a 96-well plate (180 mL/well), and cultured at 37 C for 0 h, 24 h, 48 h, or 72 h in a 5% CO 2 incubator. Next, 20 mL of 5% MTT reagent (Nanjing SenBeJia Biological Technology, Nanjing, Jiangsu, China) was added and incubated at 37 C for 4 h in 5% CO 2 .
The 96-well plate was subjected to 178 Â g centrifugation for 10 min, after which 100 mL of dimethyl sulfoxide was added. Optical density (OD) at 570 nm was measured using a multi-function microplate reader (SAF-680T, Multiskan GO, Thermo, USA). The cell growth curve was plotted with the MTT treatment time as the horizontal axis and OD value as the longitudinal axis.
Wound-Healing Assay
Cells were inoculated in a 6-well plate and cultured using medium containing 10% fetal bovine serum overnight. Upon attaining 90% to 100% cell confluence, the wounds were created along the center of each well. Serum-free medium was added to continue culture. Images were acquired (at 0 h and 24 h) under an inverted microscope. Multi-fields were selected and photographed. IPP7.0 software (Media Cybernetics, Bethesda, MD, USA) was adopted to analyze the distance of cell migration.
Transwell Assay
Serum-free Dulbecco's modified Eagle's medium was used to dilute the Matrigel matrix to a concentration of 50 g/mL, and the diluted solution was used to submerge the upper chamber of a Transwell culture chamber. Transwell chambers were coated with Matrigel (50 mL/ micropore) and incubated at 37 C for 60 min until the Matrigel solidified. Cells were resuspended and adjusted to a concentration of 1 Â 10 5 cells/mL. Cell suspensions (200 mL) were added to the upper chamber coated with Matrigel, and 600 mL Roswell Park Memorial Institute 1640 medium was added to the lower chamber. After 24 h, cells on the upper surface of the chambers were removed. Paraformaldehyde (4%) was added to fix the cells for 15 min. The chamber was stained using 0.5% crystal violet for 15 min and photographed from five selected field views under an inverted microscope (XDS-800D, Shanghai Caikon Optical Instrument, Shanghai, China). Cells that passed through toward the bottom chamber were counted.
Flow Cytometry
The cells (1 Â 10 5 cells/mL) were fixed using pre-cooled 75% ethanol at 4 C for 30 min, incubated with 100 mL of RNase A at 
Statistical Analysis
Statistical analyses were conducted using the SPSS 21.0 software (IBM, Armonk, NY, USA). Measurement data are expressed as mean ± standard deviation. Differences between two groups were compared by Student's t test. Multiple groups were compared by one-way analysis of variance (ANOVA). A value of p <0.05 was considered to be statistically significant. 
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